ABSTRACT
INTRODUCTION
Black Sigatoka, caused by Mycosphaerella fijiensis (anamorph Pseudocercospora fijiensis), is considered the most destructive banana disease in Brazil and in several other Latin American countries (SENHOR et al., 2009) . The spread of the pathogen to areas where its occurrence was not yet detected is expected to happen in the near future. Black Sigatoka may typically cause losses of around 50%, but it may reach 100% under certain conditions (PLOETZ, 1991) . The pathogen is considerably more difficult to control than yellow Sigatoka, caused by M. musicola and has a wider host range (PLOETZ, 1991) .
The disease is occurring in almost all Brazilian States, except for Rio de Janeiro, Espirito Santo, Goiás, Distrito Federal and the Northeastern States (MATOS & CORDEIRO, 2011) . In Amazonas State, many plantations were abandoned due to heavy losses caused by the pathogen after its arrival at the municipalities of Tabatinga and Benjamim Constant, where susceptible cultivars such as Prata, Maçã, Nanica, Prata graúda and plátano D'Angola were grown (GASPAROTTO et al., 2006) .
Fungicide spraying has been the control method most employed for controlling black Sigatoka in banana plantations around the world. In Brazil, owing to the high cost, fungicides are only used in plantations with high levels of technology and yields (GASPAROTTO et al., 2006) . In the Amazonian region, fungicide utilization is not feasible because of the high costs and environmental impacts.
The use of resistant cultivars is the ideal strategy, however, factors such as the time frame to develop new cultivars in face of the banana life cycle and its narrow genetic base and the variability of the pathogen that could rapidly adapt to new resistance genes due to its sexual reproduction are complicating factors.
Biological control is an alternative to the use of chemicals (ALABOUVETTE et al., 2006) that may be feasible for some systems. Fungi of the genus Trichoderma are extensively employed as biological control agents of many plant pathogens (RAKHOLIYA, 2010) . Among the advantages of using biological agents is the low risk of adverse impacts on the environmental and human health associated with the lower cost of this technology in Brazil. In one of the few studies available on the effect of biological agents against black Sigatoka, Trichoderma isolates were able to inhibit 45% of M. fijiensis mycelial growth in vitro (ARZATE et al., 2006) . However, little is known on the effect of biocontrol agents against this disease under field conditions. In this study, Trichoderma isolates were tested for their effectiveness in field experiments. The most promising isolate was selected for molecular identification, sensitivity to fungicides and mass production.
MATERIALS AND METHODS

Isolates and inoculum production
All isolates of Trichoderma used in this study were obtained from soil and are preserved in silica-gel (DHINGRA & SINCLAIR, 1995) and deposited in the microorganism collection of the Institute for Amazonian Research (INPA), in the laboratory for Phytopathology, under accession numbers listed in table 1. Isolate 2.047 was also deposited under number URM 6702 in the culture collection URM from Pernambuco Federal University (Recife, PE). To produce spores for field applications, the isolates were grown on Potato Dextrose Agar Medium (PDA) for 5 days under 25°C. Spore suspensions were adjusted to 10 7 conidia mL -1 and used for field applications.
Screening Trichoderma isolates under field conditions
Two-month-old banana plantlets cultivar 'Prata Anã' free of disease symptoms were produced at Embrapa Amazônia Ocidental and used for the field tests. To favor the natural occurrence of disease, plantlets were planted between rows of an old banana plantation heavily infected with M. fijiensis established with a spacing of 3m between rows and 1.5m from each other in the rows. The experiment was installed in a completely randomized design with five replicates of one plant and 30 treatments, composed of 29 isolates of Trichoderma plus one control with distilled water. Leaves 0, 1, 2 and 3 were sprayed to run-off with Trichoderma spore suspensions or distilled water. Sprayings were done always after 16:00 h on both faces of the leaves and were repeated every 10 days for 3 months. Disease severity was evaluated at 60 and 90 days after the first application with the disease index described by GAUHL (1990) that ranges from 0 to 6, where (0) represents no symptoms; (1) less than 1% of the leaf tissue lesioned or a maximum of 10 lesions; (2) 1 to 5% of lesioned leaf tissue; (3) 6 to 15%; (4) 16 to 33%; (5) 34 to 50% and (6) 51 to 100% of lesioned leaf tissue.
A second experiment was installed with the four isolates that showed the best results in the first assay. Banana plantlets and spore suspensions were prepared as described for the first assay. However, spraying intervals were reduced to every seven days for a period of 60 days. The experiment was installed in a completely randomized design with ten replicates of one plant and six treatments composed of an untreated control, one fungicide treatment and four isolates of Trichoderma spp. The fungicide Azoxystrobin was applied in the concentration recommended for banana, 250mg L -1 . Severity was evaluated 60 days after the first application according to the disease index described above.
For statistical analyses, severity data of the first experiment, on the 5 th leaf at 60 and 90 days after the first spray were transformed with arc sin √X (100) -1 . Severity in the 6 th leaf evaluated in the second experiment, 60 days after the first spray was transformed with arc sin √X+0.5 (100) -1 . Comparison of the means was done with Tukey's test at 5% probability.
Species identification
Isolate 2.047 was selected for having the highest potential to control black Sigatoka and identified on the basis of morphological characters and by sequencing the ITS region of the ribosomal DNA and a fragment of the translation and elongation factor of the RNA polymerase (tef-1α). DNA extraction, amplifications, sequencing, alignments and dendrogram construction were done as described previously (SAMUELS et al., 2011) . Sequences obtained for isolate 2.047 were deposited in EMBL under accession numbers HG325825 (ITS) and HG325833 (tef-1α). The following accession numbers of Trichoderma atroviride isolates were used in the comparative analyses performed in this study: GJS95-113 (AF456912; AF456883), DAOM165779 (Z48811; AF456892), GJS98-134 (AF456913; AF456887), CBS119499 (FJ860726; FJ860611), GJS96-200 (AJ230666; AF456882), DAOM179514 (EU280125; EU280011), DAOM231423 (EU280111; EU280002).
Sensitivity to fungicides
The fungicides Clorotalonil at 1200mg
Oxychloride at 1400mg L -1 and Azoxystrobin at 250mg L -1 were tested on conidial germination. These concentrations Table 1 -Severity of black Sigatoka in banana trees treated with isolates of Trichoderma spp. under field conditions. *Control plants were treated with distilled water. **Plants were treated with Trichoderma or distilled water (control) and severity was scored at 60 and 90 days after the inoculation on a 1-to-6 scale described by GAUHL (1990) . Data were transformed by arc sin vX (100) -1 . ***Means followed by the same letters are not significantly different by Tukey's test at 5% probability.
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are recommended by their respective manufacturers for controlling fungal diseases. Conidial suspensions of isolate 2.047 containing 10 7 conidia mL -1 were prepared in each fungicide and sterile distilled water was used as control. Samples of 100µL were taken at 0, 30, 60, 90, 120 and 180min, spread on PDA plates and incubated at 25 o C in three replicates per incubation time. This experiment was installed in a randomized design, with a 6x6 factorial scheme, where the first factor represents the 6 incubation periods and the second the fungicides and the control, with three replicates per treatment. Sixteen hours after spreading the suspensions on the plates, conidia germination was determined under the microscope. Conidia germination data was transformed with arc sin √X+0.5 (100) -1 and the means of the treatments compared with the Tukey test at 5%.
Mass production
Isolate 2.047 was grown in plastic bags containing 200g of autoclaved rice with different humidity. The experiment was installed in a randomized design with a factorial scheme 2x2x3, where the first factor was polypropylene bags that were either kept closed or open after three days of mycelial growth; the second factor was addition or not of 0.03g mL -1 of CaCO 3 ; and three humidity levels: 30, 50 and 70%, with three replicates per treatment. Five 5-mm diameter mycelial discs were added to each bag and every two days the chunks of rice were manually broken to allow better aeration. Conidia were counted with a Neubauer chamber after seven days of incubation at 25 o C and a photoperiod of 12h of light. Comparison of the means was done with Tukey's test at 5%.
RESULTS AND DISCUSSION
Among the 29 Trichoderna isolates tested under field conditions to control black Sigatoka, only four were able to reduce disease severity to values lower than 20% at 90 days after the beginning of the experiment (Table 1 ). This reduction in severity provided by the antagonistic isolates was equivalent to 34-86% in relation to the untreated control (Table 1) . In a second experiment, these four isolates were tested with a higher frequency of application. In this field experiment, disease severity did not differ significantly between isolate 2.047 and the chemical treatment with fungicide azoxystrobin (Table 2 ). Severity reductions provided by isolate 2.047 and the fungicide azoxystrobin were 66 and 82%, respectively. The severity reductions obtained by isolate 2.047 were the highest among all Trichoderma isolates in both experiments.
The few studies conducted to evaluate isolates of Trichoderma to control M. fijiensis in banana were done in vitro (ARZATE et al., 2006) or under greenhouse conditions (BIZERRA et al., 2006) . The results reported herein are the first to our knowledge obtained in an attempt to control black Sigatoka under field conditions. It is recognized that further studies still need to be carried out to gather more information on the activity of this isolate in other phases of banana development, including fruit set.
Several species of the genus Trichoderma are known to be antagonists of pathogenic fungi, but their antagonistic potential depends on the species and on the isolate. Trichoderma species exert biocontrol activity by mechanisms such as micoparasitism, competition for space and nutrients, and induction of resistance (GUEDEZ et al., 2009 ). The studies reported herein were focused on the activity of Trichoderma isolates under field conditions without determining the mechanism of action at this moment. Further studies should be directed to reveal the mechanisms by which isolates such as 2.047 utilize to suppress M. fijiensis. Nevertheless, recent studies show that Trichoderma is essentially mycotrophic (ATANASOVA et al., 2013) and thus, mycoparasitism is expected to be involved in the activity of this antagonist against M. fijiensis. Coincidentally, among the three species profiled in their mycoparasitic activity, T. atroviride was shown to be the most aggressive (ATANASOVA et al., 2013) .
In the field experiments, high concentrations of M. fijiensis inoculum were maintained throughout the entire experimental period. Trichoderma was sprayed only on the experimental 27.1 bc Azoxystrobin 13.8 c * Treatments were applied at every 7 days and severity was scored on a 1-to-6 scale described by GAUHL (1990) . Data were transformed by arc sin vX+0.5 (100) -1 . **Means followed by the same letters are not significantly different by Tukey's test at 5% probability.
plots but all plants growing around were continuously releasing spores of the pathogen. Although isolate 2.047 was as effective as the chemical fungicide, the high inoculum pressure in the field may have limited its capacity to further reduce disease severity.
Only isolate 2.047 was selected for identification by morphological and molecular methods because of its superior performance as a biocontrol agent. Morphological characteristics were similar to Trichoderma harzianum but sequences of the ITS region of the ribosomal DNA of isolate 2.047 were 100% identical to other sequences of T. atroviride deposited in public databases (e.g. KC895539; KC506274; JF694930). Sequences of a fragment of the translation and elongation factor 1-α were 99% identical to other sequences of T. atroviride from public databases (e.g. DQ307548; DQ307550; DQ307547). The combined analyses of these two fragments confirm the identity of isolate 2.047 as T. atroviride. It is also possible to observe that there is a considerable diversity in populations of T. atroviride from different geographic origins (Figure 1) .
The highest production of conidia by isolate 2.047 was obtained in autoclaved rice amended with CaCO 3 and with 50% humidity kept in bags that were opened at 3 days after inoculation. Maximum amount of conidia produced was 2.3x10 9 spores g -1 of rice (Figure 2 ). This spore concentration is similar to what was obtained by HANADA et al. (2009) with Trichoderma martiale on rice with different amendments.
Solid fermentation on rice as a substrate is commonly employed to produce fungal spores in Brazil due to its effectiveness, ease of finding it in local markets and reduced cost (POMELLA et al., 2007) . Addition of calcium increased the sporulation in these studies and was also observed by other authors (WUYEP et al., 2003) . This increase is probably due to pH stabilization and mineral nutrition (KRISHNA, 2005) . Although no economical evaluation was done in this study, the production of conidia on rice does not require a significant investment. This process could be scaled-up by using artisanal methods and this characteristic may facilitate the commercialization of the biocontrol agent.
The germination of conidia of isolate 2.047 was not inhibited by the fungicides Chlorotalonil, Flutriafol, Copper Oxychloride, and Azoxystrobin after an exposition of three hours (Data not shown). This exposure time was normally enough to perform the preparation and application of the spores under field conditions. This suggests that combined applications of the biocontrol agent with fungicides may be performed when required from the standpoint of the integrated disease management of the disease.
CONCLUSION
Trichoderma atroviride 2.047 is the first isolate of this genus to show potential to control banana black Sigatoka under field conditions. This Ciência Rural, v.45, n.6, jun, 2015.
isolate was selected among 29 others for being able to reduce the severity of back Sigatoka to levels similar to the ones provided by the fungicide Azoxystrobin. Spores of this isolate may be produced in rice-based solid fermentation for field applications.
